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KESEARCH MEMORANDUM

RﬁSUMé OF WIND-TUNNEL DATA ON THE EFFECT
OF EXTERWNAL STORES ON STABILITY OF
KODELS OF MILITARY ATRPLARES

By H. Normen Silvers and Raymond D. Vogler
SUMMARY

A study has been made of static wind-tummel. data on the
effects of external stores (tenks, torpedoss, bombs, &nd radar domes)
on the stebility of military airplanee. A summary, in tebular form,
of the aveilable date is presented.

The date obtained indicate that at Mach nurbsrs below 0.4 the
effects of external stores on stetic longitudinsl etabillity were
small but may not be negligible. Although date were measger for
Mech nurbers above 0.4, the resulis indicated that wing-tip tenks -
which were well faired to the wing contour caused reacsonably small
changes in static longitudinal stability. The availabls data were
insufficient to estimate the general effects of extesrral stores on
lateral stability. For one mcdel, however, the adverse effect of
stores on directional stability. although small was of the order
of magnituds of the directional stability of a flgnter airplane
considered acceptable for militery service.

INTRODUCTION

Limitations of space inside current long-renge, heavily armed,
high-speed alrplanes hsve resulted in the practice of installing
part of the auxiliary equipment on the exterior of the airplsne.
External installation of auxilisry equipment facilitates maintenance
end results In a more flexible arrangement than internal installstion
of equipment. Such installations have. in certein cases, adversely
altered the aerodynamic cheracteristice of the alirplane. In an
effort to overcame difficulties arising in rlight because of these
external installatlions, the NACA has underteksn & resesarch program
to determine the effects of extermal stores (tarks, torpedoes, boubs,
and redar domes) on the aerodynamic charscteristics of airplanes.
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One of the first projects in this program is & jenerel résumné
of the effecta of external stores on stabllity of wcdels of

militery airpisnes.

& brief summary of the verious data cbtained in static
wind-tunnel tests at the Langley Meworiel Aeronsutical laboratory
and the Ames Aeronautical Laboratory on the effccts ol external
stores on stability 18 presented herein. The results are bused
upon statlic wind-tunnel tests of various service and reseerch
airplane models.

COEFFICIENTS AND SYMBOIS

Anp change in elevaicr-fixed neutral-point location due to
external store, percent M.A.C.; positive when lonzitudinel
stability 1s increased by store

ACD change in drag coefficlent duwe to external store; rositive
when stors increasss dre:

ACy change in directional stability paramster dre to external
W atore; pozitive when store decreases stability
Ly eria ssore inereases Sefective dinedral.

’ hedral
CL 1ift cosfficient
¢ wing mean aerodynemic chordé (M.A.C.)
1 ien;zth of externsl store
M . Mach number (V,/ag)
Vs froe-stream veloclty, feetl per second
aq velocity of sound in free stream, feet per second
Subscripts:
\j partial derivative of coefficient with respect to yaw

o] free stream
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PRESENTATION OF DATA

The analysic is based upon results of wind-tunrel tests
presented in references 1 and 2 and upon other data obtained at
the Langley and Ames Laborstories and represents the greater part
of the datse on the effect of externcl stores cn stebillity obtained
by the NACA to date This analysis is confined to wind-tunnel
date obtained from teats of models with propsllers either removed
or windmilling and with the flaps undeflected. The results are
presented as increments of np, Cps Cnﬁp end Clgf These

increments were determined, at any particuler 1ift coefficient, by
subtracting the value obtained without the extermal store from the
value obtailned with the store. The results of this anslysis are
csummarized in tebles I end IT. The results presented in tebls I
are based upon dats cbtained at Mach numbers below O.4 and those
in table II, upon datae sbove M = 0.4. Such a division seems
appropriate, because the datae taken spscificslly to determine
compressibility effects begin at sbout M = 0.4. Also included in
these tables are pertinent geometric cherscteristics of the
installstions. Elevatcr-fixed nsutral points cver a lift-coef-
Ticient renge from Qr = 0.1 to CL = 1.0 were determined by

methods similar to those of reference 3. The range of Anp shown

in tables I and IT is determined by the maximum decrease or increase
in stebillity due to externsl stores. The aversge drag lncrements
are presented for the rengs of 1ift coefficient from CL = Q

to Cp =0-3. The average increments (&n,, ACp, Acnﬁﬁ and Aghy)
presented in taebles I and II were obtained by a graphicael method

in which a mean value of the incrementzl coefficients was determined
throughout the 1ift range. This method was used since data that

are unreliable because of pertiel stalling of the model at high

1ift coefficients affect these msan values only slightly. This
method is thersfore belleved to =ive a clearer gensral conceptlon

of the effects of external stores on stabllity than doss ccnslderation
of the maximm decresse or increase 1in stzbillty.

DISCUSSION

Longitudinal stebiiity.- The results shown in table I indlcate
that at Mach nuinbers below 0.k the effect of external stores on
gtatic longitudinal stability, though small, may not be negligible.
Only three of the installations showed an average change in stabllity
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greater than the sxpected accuracy (*1.5percent M.A.C.) of neutral-
point determination Although data for Mach numbers above 0.4 are
meager (table II), the results indicated that win,-tip tenks that

were well faired to the wing contour caused reascnably smell changes
in static longitudinel stability. A very appreciable stabillzing
effect was experienced &t higher Mach numbers, howsver, when

two 500 -pound bombs vere attached with drop hocks and sway braces

to the undersurface of the wing. Thie change in stability 1e probably
associated with the large increase 1n drag due to the bomb instellations
with an increase in Mach number. Pressure distributions taken at

& lovw Mach number indicate that the critical Mack number of such
installations may be as low as 0.6. '

Lateral stabllity.~ Insufficlent data are available at present
to estlmate the general effects of extermal stores on lateral
stability at Mach numbers below 0.4. - No data at Mach numters
above 0.4 are available. It should be noted. however,thati the
value of écnﬂ of 0.00030 contributed by the wing tanks of one

model (table 1) is of the order of magnitude of the tctal Cnl
W

of a fighter airplane considered accepteble for military service.

Such an installation on this fighter ailrplane would actually cause

directional instebility.

CONCLUSIONS

Analyeis of a collection of data from static wind-tunnel tests
on the effects of external stores (tanks. torpedoss bombs, and
radar domes) on the stability of airplens models Indicated the
following conclusions:

1. At Mach numbers belew O.4. the effect of external stores
on static longlitudinal stebility, althoush small, mey not be
negligible.

2 Although data for Mach numbers above O L were meeger, the
results indiceted that wing-tip tanks that were well Ffaired to the
ving contour caused reasonably small changes in static lonzitudinal
stability. '

3. The avellable data were insufficient to estimate the general
effects of external stores on lateral stability.- For one mcdel,
however, the adverze effect of estores on d&irectionel stebility.
&lthough small, was of the order of megnitude of the &irectional
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stability of a fighter plene considered accepiable for militery
gervice.

Langley Memorial Aeronautical Laboratory
National Advisory Committee fcr Aeronautics
Langley Field, Va.
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TABLE T.- EFFECTS OF EITERWAL STORES Off STARILYTY AT MACH NIMBERS EELOW O.%
Bm;g; of Averags
Nunber and Meounting = Average Averege Average | Model
Them dssoription /s (percent (percent] 4 Al A0, ecale
- M.A.C.) Hac.) ¥ ty
One, 650 gal, . -
Tenk Senfolrewlerl  Belly | 247 |-3.0 %0 1.0 0.4 [0.0050 |eememe | ammme- ?
Tuselage
Oms, 200 gal,
track N, FoctesTs By [} ess |20 to 2.0 K S "R — .
mec
arenc | 02, 300 g, Belly | 1.0 |-1.5 to 2.5 I T ("~ T - —_} - - .21-75.
one, 200 g8, | oo | pue | Lmanas | o1e | oor0 | e 1
Tank cimulu ’ Belly 2.15 -.% to 3.5 1.6 L0010 0.00010 =
One, 150 gal 2w | oois oo | s
Tark g P Pl Belly 1.4 [ -3.5 to L0 1.5 | .ooko S‘u:..'l.
Tank °n:ir§5° enl, Belly 1.50 -5 t0 ..8 .2 | .oos0 0.00009 00012 | ¥
Ome, 150 @gal, | paqe 115 boresnte | ol eoco | oo I 1
Sfany: pe el Belly | 1.51 |-1.5 to 1.5 2 | .oom -5:5.
One, 100
Tenk :irgoug_a;g-al' Belly 88 |-3.0t0 1.0 | 0035 ) cmmemem | eemeee _2i
Two - 0008 | eemmeem ————— -
Tank °i"2°° gal, Wing ip 1.3h 2.0 to .8 .8 0008 .F
Two
Brank cirgoo 08 | wing t1p | 138 | -L.7T t0 1.3 -1 | 000k |oeeeee- 1 %
Two. £
Breankc Ot el | wang ttp | 1.39 | -1.0 to 1.0 -2 |-.0008 | meeee — | &
Tank | T¥07 300 &L, | ying t1p | 2.06 | -1.0 %0 1.0 3 |-0007 | cmemmme | e -P
Brank T"‘;irgm &1, | ying t3p | 1.10 | -1.k to 1.6 R I R R e _?5
Brank T":imm] &1, | wing tip .87 -.9 to 1.8 .3 | .oo01 el SIS ?-
Two —_—
Brank 07 30, [wingttp | 1.06 | -.8to1.1 0 000k | commmem | emeeee 5
Tank T“:imﬂ’ B8l, | ying ttp | 1.66 | -2.0 to -.5 -1.0 | .cow0 -.00008 00035 | &
Tank T":;é"\g_!g‘l! Ving 1.82 | -2.2 t0 1.0 1.8 | .oobs 00011 | ~.co001 %‘- '
Tank | CTwo Wing (e} | -5.5 to -1.5 3.0 | 0070 | commmee | oo _ﬁ_
Two, 230 gl : _ _ _ - 1
Tenk it 2 Wing 1.66 1.5 t0 - .2 1.2 0070 00012 00025 =
Tenk T"‘;’;r’a‘s? &, Wing 1.15 | -1.0 to 1.0 -.3 | -.0015 .00030 | -.00020 .1k
1
Tank TVgir?O gel, Wing 151 | -2.0 %0 1.0 -.8 | .0020 | ——--me- ——— T
Tank T“:ir? gal, . Wing Th o | e .32
Torpedo | One, 21 in. Belly | 1.7L | -0.% to 2.0 JC T (-~ N R I —— -55.5
Torpedo | One, 21 in. Belly 1.65 0 to .5 -2 | 0030 | erememm | cmmeeee .15
Torpedo | Four, 22 in. Wing 1.kg -1.0 to -.5 -.T o) K To I B B .30
Two, 5000 1b Wing 107 | 10to -2 | 0090 | cmmmmem | —mmeee- .30
1
Bomb | Two, 1000 1B | Wing tip 6 | -L.7 %o 1.7 = I et 00006 | -.00080 | 5
Bamb | One, 1000 1b | Wing (lert) .76 [ -L.0 o .2 N R -.00006 .00010 .%-_
Bomb One, 1000 1b Belly .65 0 to1l.0 .3 JoTs 7 (+ TN NI, R —— .15
Bomb Four, 500 1b Wing 61 -1.0 to 1.5 I e — -.00003 -.00005 { .2375
Bomb | Two, 500 1b Wing 57 -0.% k| .ookB [ eeeee — 3
Bomb | Four, 300 1b Wing .52 6 tols T .2375
Bomb | Four, 200 1b Wing .39 | -1.5 to 2.0 .5 2375
Redar | —emclemeeo Wing .97 | -3.B %0 2.0 12| .00l | emmmeem | cemaeee Fall
Rader | —eeeeeeme—eee®|  Wing a5 | 1.0 t0 1.7 1| 0005 | cemmeem | cieee- 5
Radar | cemmcccceeene Wing .16 -3 t0 2.5 Al 0055 | cemeee | e -é'-
“Raference 1.

bRefarence 2 .

®decmetric charecteristics unavailshls.
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Wing
Hing

Ttem | Numbor and dsecription Momting

Teok | Two, 300 gal, circular |Wing &ip
Tank | TPwo, 150 gal, oirenlar

Boud | Twa, 500 1b

EReference 2.
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